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Sir: 

DECLARATION OF DR. RAYMOND J. GORTE UNDER 37 C.F.R. § 1.132 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

I, Raymond J. Gorte, Ph.D., hereby declare the following: 

1 . I am a co-inventor of the above-captioned patent application ("the subject 
application"). My Curriculum Vitae is enclosed as Exhibit A. Among my credentials, I 
earned a Ph.D. in Chemical Engineering from the University of Minnesota, in Minneapolis, 
Minnesota. I am a senior technical advisor to Franklin Fuel Cells, the company seeking to 
commercialize the technology set forth in the above-captioned patent application.. 

2. I have performed research into catalysis and fuel cells relevant to the work described 
in this patent application as professor at the University of Pennsylvania. Franklin Fuel Cells 
was founded to move the research into the product phase. 
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3. It is my understanding that claims 2-19. 21-30., 55, 56, 58, 60, and 62-67 of the 
subject application are directed toward solid oxide fuel cells capable of operation with sulfur- 
containing hydrocarbon fuels. 

4. I have reviewed the Office Action dated October 9, 2008. As I understand it, the 
Examiner has rejected independent claims 62-67 and those claims that depend from these 
claims for allegedly being obvious in light of the prior art, in particular U.S. Patents 
5,445,903 (Cable) and 4,812,329 (Isenberg). 

5. This declaration is made to demonstrate that fuel cells recited in claims 62-67 were 
not obvious at the time that the application was filed. 

6. Based on my experience in the field of catalysis and fuel cells and my own 
observations and tests, the invention of the instant application achieves results that are 
unexpectedly superior to those of alternative devices in the field. 

7. I understand that the Patent Office is of the view that although Isenberg discloses only 
operation with H2, CO, and CH4 as fuels, devices that result from the hypothetical 
combination of Cable and Isenberg references could nonetheless operate using hydrocarbon 
fuels having two or more carbons ("C2+ hydrocarbons") and having a sulfur content of from 
about 1 to about 5000 ppm. 

8. The Patent Office's position is mistaken. Based on my experience in the field, H2, 
CO, and CH4 behave very differently from C2+ hydrocarbons when used as fuels in solid 
oxide fuel cells, and CH4 would specifically behaves like CO, not like a C2+ hydrocarbon. 

9. Based on my experience, a nickel-based fuel cell may operate on CH4 or H2. Cells 

according to the references cited by the Patent Office, however, would form undesirable 

carbon deposits when run on C2+ hydrocarbon fuels. Because these deposits are difficult to 

avoid, one of skill in the art at the time of the subject application would not have used the 
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devices described in either the Isenberg or Cable references in conjunction with C2+ 
hydrocarbon fuels. 

10. 1 further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under § 1 00 1 of Title 1 8 of the United 
States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Dated: January 26, 2009 /Raymond J. Gorte, Ph.D./ 

Raymond J. Gorte, Ph.D. 

Attachments: 

Exhibit A 
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16. "Characterization of Acid Sites and Hydrocarbon Intermediates in Molecular Sieves", Chicago Catalysis Club, 
October 12, 1992. 

17. "Studies of Acidity in Molecular Sieves", Meeting of the Lehigh Valley AIChE, Februaiy 15, 1993. 

1 8 . "Uses of Microcalorimetry and Thermal Analysis For the Characterization of Molecular Sieves", Meeting of 
the Thermal Analysis Society, March 17, 1993. 

19. "Acidity of Solid Acids: Definition and Measurement", Gordon Conference on Catalysis, Jime 26 - July 1, 
1994. 

20. "Definitions of Acidity in Solid Acids", Philadelphia Catalysis Club, Spring Symposium, May 10, 1995. 

2 1 . "Ceria-Based Anodes for the Direct Oxidation of Methane in Solid-Oxide Fuel Cells", Philadelphia Catalysis 
Club, Spring Symposium, May 16, 1996 (with E.S. Putna). 

22. "Transport of Oxygen from Ceria to Supported Metals", DOE Basic Energy Sciences Meeting, Houston Texas, 
May 22, 1996. 

23. "Calorimetric Techiques for the Characterization of Zeolite Acidity", Workshop on Calorimetric Techniques, 
Mayaguez, Puerto Rico, July 7 and 8, 1996. 
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24. "Methods for Characterization of Zeohte Acidity", Exxon Symposium on Acid/Base Catalysis, Houston, TX, 
September 24-26,1996. 

25. "Ceria Structure Sensitivity for Oxygen Storage Properties", Michigan Catalysis Society, Dearborn, MI, March 
11, 1997. 

26. "Characterization of Zeolite Acidity", Michigan Catalysis Society, Dearborn, MI, May 13, 1997. 

27. "Characterization of Zeolite Acidity", New Jersey ACS, Trenton, NJ, February 10, 1998. 

28. "Methyl Rotors in the Adsorption of Acetonitrile in H-MFI: A Method for Examining Confinement at the Acid 
Sites", Symposium to honor J. Fripiat, ACS Regional Meeting in Milwaukee, WI, June 2, 1998. 

29. "Characterization of Zeolite Acidity", IZA Preconference Summer School, Bryn Mawr, PA, July 1998. 

30. "Model Studies for Understanding Oxygen Storage Capacity in Three-Way Automotive Catalysis", 
Philadelphia Catalysis Club, September 17, 1998. 

3 1 . "Model Studies for Understanding Oxygen Storage Capacity in Three-Way Automotive Catalysis", Tri-State 
Catalysis Club, Lexington, KY, April 20 and 21, 1999. 

32. "Attempts to Describe the Important Factors in Zeolite Catalysis", Philadelphia Catalysis Club Spring 
Symposium, April 28, 1999. 

33. Emmett Award Lecture, North American Catalysis Society Meeting, Boston, MA, May 1999. 

34. "What do we need to know about solid acids to use them in chemical synthesis?". Workshop on Catalysis, 
Santa Fe, Argentina, September 2-4, 1999. 

35. "Direct Oxidation of Dry Hydrocarbons in a SOFC", ONR Grand Challenge Workshop, Alexandria, VA, 
November 16, 1999. 

36. "Direct Oxidation of Dry Hydrocarbons in a SOFC", DAIO'A Workshop, Arlington, VA, March 30, 2000. 

37. "Studies of Cooperative Effects in Ceria-Supported Metals for WGS and Other Reforming Reactions", ARO 
Workshop on Fuel Processing, Detroit, June 19, 2000. 

38. Testified for Congressional Subcommittee on Energy and the Environment, Ursinus College, CoUegeville, PA, 
June 26, 2000. 

39. "Calorimetric Measurements at Low Temperatures for Characterization of Adsorption", Second International 
Conference on Calorimetry and Thermal Effects in Catalysis, Lyon, France, July 5-7, 2000. 

40. "Direct-Oxidation Fuel Cells", Tau Beta Pi Meeting, Philadelphia, PA, February 10, 2001. 

4 1 . "Direct-Oxidation Fuel Cells", ONR Contractors Meeting, Annapohs, MD, February 1 9, 200 1 . 

42. "The Need for More Catalyst Research", DOE Workshop, Oakland, CA, February 28, 200 1 . 

43. "Direct-Oxidation Fuel Cells", Chicago Catalysis Society, March 13, 2001 . 

44. "Direct-Oxidation Fuel Cells", Invited talk, American Ceramic Society, Indianapolis, IN, April 23-25, 2001. 

45 . "Direct-Oxidation Fuel Cells", Philadelphia Catalysis Society, May 3 1 , 200 1 . 

46. "Developing Fuel Cells that Run on Real Fuels", CatCon2001, Houston, TX, May 14-15, 2001. 

47. "Direct-Oxidation Fuel Cells", Southwest Catalysis Society, College Station, TX, May 18, 2001. 

48. "Direct-Oxidation Fuel Cells", Keynote Speech, 17* Meeting of the North American Catalysis Society, 
Toronto, Ontario, June 3-8, 2001. 

49. "Developing Fuel Cells that Run on Real Fuels", DOE Small Fuel Cell Workshop, Washington, DC, June 14, 
2001. 

50. "Direct-Oxidation Fuel Cells", Gordon Conference on Fuel Cells, July 30-August 4, 2001 . 

51. "Developing Fuel Cells that Run on Real Fuels", Keynote Speech, National ACS Meeting, Chicago, IL, August 
27-31,2001. 

52. "Anodes for the Direct Oxidation of Hydrocarbons in SOFCs", Invited Talk, Grove International Fuel Cell 
Conference, London, September 11-13, 2001. 

53 . "Developing Fuel Cells that Run on Real Fuels", South Jersey ACS Meeting, November 20, 200 1 . 

54. "Development of robust solid-oxide fuel cells", American Physical Society, Indianapolis, IN, March, 2002. 

55. "Direct-Oxidation Fuel Cells", Invited talk. Society of Automotive Engineers, Detroit, MI, March 2002. 

56. "Anode Development for Direct Oxidation of Hydrocarbons", Electrochemical Society Meeting, Philadelphia, 
PA, May 12-17, 2002. 

57. "Fuel Cell Technology, Present and Future", Tulane Engineering Forum, New Orleans, LA, September 13, 
2002. 

58. "The Surface Chemistry of Solid-Oxide Fuel Cells", Keynote Speech, American Vacuum Society, Denver, CO, 
November 4, 2002. 

59. "Developing Fuel Cells that Operate on Real Fuels", U Penn Provost Seminar, November 1 9, 2002. 
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60. "Direct-Oxidation SOFCs", ESF-NSF Workshop on Anodes for ffigh-Temperature Fuel Cells, Strasbourg, 
France, December, 2002. 

61. "Recent Developments on Anodes for Direct Fuel Utilization in SOFC", DOE-BES Workshop on Hydrogen, 
May 13-15, 2003. 

62. "Recent Developments on Anodes for Direct Fuel Utilization in SOFC", Plenary speaker, 14th International 
Solid State Ionics Meeting, Monterey, CA, June 22-27, 2003. 

63 . "Recent Developments on Anodes for Direct Fuel Utilization in SOFC", Senior Catalysis Researcher Lecture 
Series at the Pacific Northwest National Laboratory, July 16, 2003. 

64. "Fuel Cells", part of Science 101 Series, offered to Congressional Staff, by the Science Coalition, July 21, 
2003, Washington, DC. 

65. "Studies of Ceria-Supported Metals for WGS and Other Applications", Catalysis Symposium, Oak Ridge 

National Laboratory, October 23, 2003. 

66. "Advances in Fuel Cells", LRSM's Lecture Series for Science Teachers, Philadelphia, PA, November 6, 2003. 

67. "Fueling Fuel Cells: The Fuel Story", University of Pennsylvania Provost's Lecture Series, November 19, 2003. 

68. "Recent Developments on Anodes for Direct Fuel Utilization in SOFC", Philadelphia Section of the Society of 
Automotive Engineers, November 20, 2003. 

69. "Solid Oxide Fuel Cells", Gordon Confcrciicc on C ata lysis, June 27, 2004. 

70. "Catalytic Issues in SOFC", Dutch-US Workshop, August 1 9, 2004. 

71. "Ceria-based catalysts: From automotive applications to the water-gas shift reaction", in the session on 
Nanotechnology in Catalysis, ACS 228th National Meeting, Philadelphia, PA, August 22, 2004. 

72. "Recent Developments Towards Commercialization of Solid Oxide Fuel Cells", Invited lecture in 
"Fundamentals" session at the AIChE Annual Meeting, Austin, TX, November, 2004. 

73. "An SOFC Tutorial", Invited lecture in "Tutorials" session at the AIChE Meeting, Austin, TX, November, 
2004. 

74. "SOFC for Man-Portable Power", at the Meeting for Emerging Fuel Cell Technology with Global Implications, 
Washington, DC, January 12, 2005. 

75. "Fabrication of SOFC Electrodes by Impregnation Methods", in the International Symposium on Fuel Cells and 
Related Systems in the / 07** Annual Meeting & Exposition of the American Ceramic Society, Baltimore, Md, 
April 10, 2005. 

76. "Perovskite Composites for SOFC Cathodes", at the National ACS Meeting, Washington, DC, August 28, 
2005. 

77. "Direct Oxidation SOFC", New York Catalysis Society, September 21, 2005. 

78. "Fabrication of SOFC Electrodes by Impregnation Methods", Canadian Fuel Cell Systems Symposium, Banff, 

Alberta, October 14,2005. 

79. "SOI-C Hlcctrodcs", at the I'ourth liastcrn Mediterranean Conference on Chemical Engineering (EMCC-4), 

80. "Bnnctallic Anodes for SOFC", American Ceramic Society, Cocoa Beach, FL, January 22, 2006. 

8 1 . "Ceria Catalysis: From OSC to WGS", Philadelphia Catalysis Club, February 16, 2006. 

82. "Recent developments on SOFC for use with hydrocarbon fuels", Manitoba Society of Automotive Engineers 

Meeting, Winnipeg, March 23, 2006. 

83. "A Thermodynamic Investigation of the Redox Properties of Ceria-Zirconia Solid Solutions", ACS S3Tnposium 
Honoring J. Dumesic, Atlanta, GA, March 28, 2006. 

84. "Recent developments on SOFC for use with hydrocarbon fuels", 2006 Haldor-Topsoe Catalysis Forum, 
August 24, 25, 2006, Copenhagen. 

85. "Infiltrated Cathodes", 7th Annual DOE-SECA Workshop, September 13, 2006, Philadelphia, PA. 

86. "Catalysts for the Hydrogen Economy", AVS 53rd International Symposium, November 14, 2006, San 
Francisco, CA. 

87. "SOFC", Conference on Synthesis and Methodologies in Inorganic Chemistry, December 3, 2006, Brixen, Italy. 

88. "SOFC and SOE", International Symposium of Materials Issues in the Hydrogen Economy", Richmond, VA, 
November 12-15, 2007. 

89. SOFC, 5* Eastern Mediterranean Chemical Engineering Conference, May 24, 2008, Centraro, Italy. 



COURSES TAUGHT 
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ChE 200(230) 
ChE 350 

ChE 351 (MEAM333) 
ChE 353 
ChE 410 
ChE 451 
ChE 460 

ChE501(ENM511) 
ChE 521 
ChE 621 
ChE 700 
MSE 321 



Material and Energy Balances 
Fluid Mechanics 
Heat Transfer 

Advanced Chemical Engineering Science 

Chemical Engineering Laboratory 

Chemical Reactor Design 

Process Control 

Engineering Mathematics II 

Special Topics in Heterogeneous Catalysis 

Reactor Design 

Topics in Catalysis 

Electronic Materials 



MSE GRADUATE STUDENTS DIRECTED 



A. Ison 

M. C. Grady 

G. J. Scaven 

C. Pereira 

J. Tittensor 
J. Garcia 
K. TrafFord 



The Coadsorption of Water and Methanol on H-ZSM-5, 1983. 

Adsorption of 2-Propanol and Propene on H-ZSM-5: Evidence for a Stable Surface 

Carbenium Ion, 1984. 

Design and Construction of an Auger Electron Spectrometer Within a Reactor System, 
1987. 

A Spectroscopic Study of AUyl Alcohol Adsorption in H-ZSM-5: Characterization 
of Allylic Intermediates, 1989. 

Isopropylamine Adsorption on Silica- Alumina Catalysts, 1991. 
Characterization of Model Silica-Alumina Catalysts, 1992. 
Modeling Adsorption in Siliceous Zeolites, 2000. 



PhD GRADUATE STUDENTS DIRECTED 



C. S. Ko The Effect of Oxides on the Adsorption of CO and Hz on Pt, Rh, and Pd, 1985. 

R. A. Demmin Methanation Studies on Model Supported Catalysts, 1986. 

M. T. Aronson A Spectroscopic Study of Simple Alcohols Adsorbed on H-ZSM-5 Zeolite, 1987. 

E. I. Altman Adsorption of Simple Gases on Model Supported Catalysts, 1988. 
T.J. Gricus Kofke Adsorption Studies of the Acid Sites in High-Silica Zeolites, 1989. 
S.I. Roberts Studies of Support Effects on Model Catalysts, 1 99 1 . 

C. Pereira A Study of Acidity, Adsorption, and Reaction in High-Silica Zeolites and Aluminophosphate 

Molecular Sieves, 1992. 

G. I. Zafiris Support and Metal Particle Size Effects on Platir 
A.I. Biaglow NMR and TPD Studies of Zeolite Acidity, I 993. 

D. J. Parrillo High Temperature Microcalorimetry of I ligh Sili 

H. Cordatos A Study of Support Effects on Lanthana- and Ce 
T. Bunluesin A Study of Support-Metal Interactions o 
C.-C. Lee Characterization of Acidity in Molecular Sieves, 1 997. 

E .S. Putna Characterization of Oxygen-Storage Components for Three-Way Catalysts, 1998. 

J. Sepa Interactions of Probe Molecules with Zeolites: Effect on Structure and Localization as 

Determined from NMR Spectroscopy, 1998 

S. Savitz Low-Temperature Calorimetry for the Characterization of Zeolites, 1999 

F. Siperstein Thermodynamic Excess Functions for Mixture Adsorption on Zeolites, 2000. 

O. Kresnawahjuesa Investigation of Adsorption Complexes Formed in Acylation Reactions on Zeolites, 2003 . 

C. Lu (MSE) Characterization of Cu-SDC Anodes for Direct Utilization of Dry Hydrocarbons, 2004. 

S. Mcintosh Development of Direct Hydrocarbon Solid Oxide Fuel Cells, 2004. 

T. Luo A Study of SOz Poisoning on Ceria Based Three-Way Catalysts, 2004. 

S. Zhao A Study of the Catalytic Properties of Ceria-Based Materials in the WGS Reaction and 

Hydrocarbon Oxidations, 2005. 

O. Costa-Nunes Direct Oxidation SOFC: Aspects of Anode Performance Optimization, 2005. 



im and Rhodium Model Catalysts, 1993. 
a Zeolites, 1994. 

a-Supported, Noble Metals, 1996. 
I- and Ceria/Zirconia-Supported Metals, 1997. 
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Y. Huang Novel Cathodes for SOFCs Prepared by Impregnation Procedures, 2006. 

M. D. Gross Improved SOFC Anodes for Direct Utilization of Hydrocarbons, 2007. 

S.-W. Jung Novel Fabrication Methods for SOFC Anodes, 2007 

G. Zhou Characterization of the Equilibrium Redox Properties For Ceria-Based Mixed Oxides, 2008. 

P. Shah Thermodynamic Properties of Mixed Oxides, 2008. 



POSTDOCTORAL FELLOWS 



A.I. Biaglow 


1993 ■ 


■ 1994 


R. Craciun 


1997- 


■ 1998 


S. Park 


1998 ■ 


■2001 


S. Hilaire 


1999- 


■2000 


L. Yang 


1999- 


■2000 


HyukKim 


2000- 


■2001 


Xiang Wang 


2000- 


■2002 


Marta Boaro 


2001 ■ 


■2003 


VenkatKrishnan2001 ■ 


■2003 


Robert Ferrizz 


2001 ■ 


-2002 


Shengh An 


2002- 


■2003 


Hongpeng He 


2002- 


■2005 


Shung-Ik Lee 


2002- 


■2004 


BQpyung Ahn 


2003 ■ 


■2005 


Gang Liu 


2003- 


■2004 


Taeyoon Kim 


2004- 


■2006 


Wensheng Wang 2005 ■ 


■2007 


Leta Woo 


2006- 


■2008 


Guntae Kim 


2007- 


■2009 


Shiwoo Lee 


2007 ■ 




Noah Wicdcr 


2009 - 





Current Graduate Studeuts 



Student Anticipated Grad Date DeRree SouRht 

I. Baldytchev December 2009 PhD 

F. Bidrawn December 2009 PhD 

K. Bakhmutsky December 20 11 PhD 

R. Kungas December 2012 PhD 



